This study focused on a phytochemical analysis of Bergenia crassifolia (L.) Fritsch., B. ciliata (Haw.) Sternb., and B. x ornata Stein. and evaluation of their free radical scavenging properties. Arbutin and total tannin contents of the leaves of the Bergenia species were determined during different seasons. The present study also aimed at analyzing, for the first time, environmental influence on concentrations of phenolic metabolites in Bergenia leaves. The highest total tannin content was found in the leaves of B. crassifolia (24.9 -48.7 mg.g -1 DW) and B. x ornata (36.9 mg.g -1 DW). The highest amount of arbutin was in the leaves of B. x ornata (35.8 -51.0 mg.g -1 DW) and B. crassifolia (24.6 -41.7 mg.g -1 DW). Autumn was better than spring for the collection of Bergenia leaves for the highest amount of arbutin (B. x ornata: 51.0 mg.g -1 DW). Free radical scavenging potential, in DPPH and ABTS assays, of the water leaf extracts revealed that extracts of B. crassifolia and B. x ornata are the most active radical scavengers. Antioxidant activity correlated well with the content of total tannin, especially in the ABTS assay, which suggests an important role for these compounds in antioxidant activity. It was shown that phenolic concentrations in Bergenia leaves are affected by seasonal factors. A significant correlation was found between arbutin and tannin contents and the average humidity.
A promising source of biologically active substances with potential antioxidant properties is offered by Bergenia crassifolia (L.) Fritsch. and B. ciliata (Haw.) Sternb., commonly known as Pashanbheda. Bergenia species (family Saxifragaceae) are native to central Asia, including Afghanistan, China and the Himalayan region. Bergenia species have been used in the Indian system of medicine as astringent, anti-inflammatory, bactericidal, and hemostatic remedies. In Ayurveda medicine, Bergenia is used for wound healing, disinfection, as a tonic and laxative, for dissolving kidney stones, the treatment of fevers and for general strengthening purposes [1] [2] [3] [4] [5] .
Previous investigations of Bergenia species showed that they contain simple phenols, flavonoids, phenolcarboxylic acids, coumarins and tannins [1, 6] . Previous evaluation of substances responsible for the antioxidant activity of B. crassifolia green leaves showed that the phenolic components -hydroquinone, quercetin, dihydroquercetin, rutin, gallic acid, and esculetin -exhibit the most pronounced antioxidative properties [7, 9] .
Arbutin inhibits melanin production and decreases tyrosinase activity. Tyrosinase inhibitors can be applied in the therapy of skin disorders, especially in malignant melanoma due to their cytotoxicity to melanocytes [6] . Arbutin has been found in high amount in the leaves of Arctostaphyllos uva-ursi L. (8-10%), which are recommended for the treatment of urogenital tract infections. However, Bergenia species are one of the richest sources of arbutin (rhizomes: 17-23%, leaves: around 7.5%) [8] .
This study aimed at the evaluation of arbutin and total tannin contents and antioxidant activity of extracts prepared from green leaves of B. crassifolia, B. ciliata and B. x ornata Stein. collected in different seasons. B. x ornata is a widely grown garden plant, but no comprehensive phytochemical or pharmacological analysis has ever been reported.
The total amount of arbutin in green leaves, determined by the Czech Pharmacopoeia method [10] , expressed in mg.g -1 DW, ranged from 24.6 (±1.1) to 41.7 (±1.0) for B. crassifolia. This is lower than the value (47.9 -98.3 mg.g -1 ) found by Árok et al. [6] and by Pozharitskaya et al. (69.6 mg.g -1 ) [7] . The content of arbutin, ranged from 35.8 (±0.6) to 51.0 (±1.2) for B. x ornata, and from 6.2 (±0.4) to 7.3 (±0.8) for B. ciliata. In spring (May 2012), the concentration of arbutin in the leaves of Bergenia species (except samples BCR2 and BCR3) was the smallest found, in comparison with the content in autumn 2012, when the amount increased ( Table  2 ). The results are similar to those reported for Arctostaphyllos uvaursi [12] and B. crassifolia [8] in different seasons (spring, autumn). The higher level of arbutin determined in autumn can be as a response to climatic conditions ( Table 1 ). The arbutin content of the tested Bergenia samples correlated with the meteorological data (solar radiation, humidity, water precipitation, temperature). Significant positive correlation was demonstrated between arbutin content and humidity (p < 0.05). The highest correlation was obtained for B. ciliata (R 2 = 0.999), and the lowest for B. crassifolia (R 2 = 0.435). The correlations between meteorological data and arbutin amount for B. ciliata are demonstrated in Figure 1 . Studies on the influence of environmental factors over production of secondary metabolites in Bergenia species are important because they contribute data for its harvest. Changes in phenol content influence directly the quality of the plant for medicinal application [17, 18] . The content of arbutin is also related to the age of the plant; first year leaves contain higher amounts of arbutin [13] . The total amount of tannin, determined by the Czech Pharmacopoeia method [10] , expressed in mg.g -1 DW, ranged from 28.6 (±1.0) to 36.9 (±1.2) for B. x ornata, from 24.7 (±0.9) to 32.4 (±1.2) for B. ciliata, and from 24.9 (±0.9) to 48.7 (±1.1) for B. crassifolia ( Table 2 ). The total tannin content of B. crassifolia is similar to that found by Árok et al. (37.0 -50.1 mg/g) [6] .
Total tannin content of Bergenia samples was correlated with meteorological data (solar radiation, humidity, water precipitation, temperature). Significant positive correlation was demonstrated between tannin content and humidity (p < 0.05). The highest correlation was obtained for B. ciliata (R 2 = 0.999), as shown in Figure 2 . Tannin content and water precipitation correlated very well for B. ciliata as well (R 2 = 0.892). Rainfall has the ability to affect the amount of hydrolysable tannins [17] . For B.
x ornata there was a positive correlation between total tannin content and average temperature (R 2 = 0.999). In comparison with the vegetative stage, the extracts of the leaves at the reproductive stage showed a significant decrease in phenolic contents and consequently of their antiradical activities. Phenolic content varies as a function of plant growth [9] . The content of arbutin and total tannin in the leaves of B. x ornata was determined and compared for the first time.
Two methods were used for antioxidant activity evaluation. The results are expressed as antioxidant capacity (Table 3 ). Being a stable free radical, DPPH is frequently used to determine radical scavenging activity of natural compounds [14] [15] [16] . The radical scavenging activity in the presence of a hydrogen-donating antioxidant can be monitored as a decrease in absorbance of DPPH solution. Figure 3 shows the antioxidant capacity of the B. crassifolia extract compared with standards at different concentrations. As standards, maritime pine bark extract Pycnogenol ® , dry and liquid silver fir bark extract abigenol (d-AABE, AABE) and ascorbic acid were used.
The investigated extracts demonstrated very different activities at same concentration (0.5 mg/mL). Those of B. ciliata (3.3 -28.8%) were less active than the corresponding extracts of B. crassifolia (27.2 -54.9%) and B. x ornata (19.6 -39.9%) ( Table 3 ). The antioxidant activity of the tested Bergenia samples in the DPPH assay correlated with the total tannin content. The highest correlation was obtained for B. x ornata (R 2 = 0.607) and the lowest for B. ciliata (R 2 = 0.494).
The ABTS radical scavenging assay was the second method used for the evaluation of antioxidant properties. Figure 4 shows the antioxidant capacity of the B. crassifolia extract compared with standards at different concentrations. The antioxidant capacity of B. crassifolia was similar to that of Pycnogenol ® , as revealed by DPPH assay. The extracts of the three tested Bergenia species showed very different values at the same concentration (0.5 mg/mL). According to this assay, the best antioxidant was the extracts of B. crassifolia (12.6 -42.4%) and B. x ornata (33.1 -42.2%). The lowest values were obtained for B. ciliata extracts (8.9 -17.8%). Positive correlations were found between ABTS radical scavenging assay and total tannin content. The highest correlation was determined for B. crassifolia (R 2 = 0.993), and the lowest for B. ciliata (R 2 = 0.971).
The presence of a large percentage of phenolic compounds is responsible for the radical scavenging activity, as seen in the comparison of antioxidant activity, tannin and arbutin contents for extracts B. ciliata. Tannin and arbutin are responsible for the antioxidant activity as well. Antioxidant and free radical-scavenging activities of B. crassifolia and its major phenolic compounds have been tested previously [1, 7] . The antioxidant activity of B. x ornata extracts from green leaves was tested for the first time here.
Phenolic content of Bergenia genus
Natural Product Communications Vol. 9 (4) 2014 521 Chemicals and standards: Ascorbic acid, 1.1-diphenyl-2picrylhydrazyl (DPPH), gallic acid, 2.2-azino-bis(3ethylbenzothiazoline-6 sulfonic acid) (ABTS), and ammonium persulfate were purchased from Sigma-Aldrich. Maritime pine bark dry extract was purchased from Biolandes (F0400/Pycnogenol® LOT:G/1480). Liquid silver fir (Abies alba Mill.) bark extract abigenol (AABE) was prepared by two-step extraction with polyethylene glycol (PEG). For comparison, a dry extract from silver fir bark (d-AABE) was also used. Other chemicals and solvents used were of analytical grade.
Total tannin content:
Total tannin content was determined by a spectrophotometric procedure described in the Czech Pharmacopoeia with fosfowolframic acid, sodium carbonate and hide powder [10] . All measurements were made in triplicate.
Arbutin content: Arbutin content was determined by spectrophotometric analysis with aminopyrazolon, ammonia, potassium ferrocyanide and dichlormethane, as described in the Czech Pharmacopoeia [10] . All measurements were made in triplicate.
Antioxidant activity -DPPH radical scavenging:
The scavenging effect for DPPH (1.1-diphenyl-2-picrylhydrazyl) radical was monitored according to the method of Krakar [11] , with some minor modification. Powdered herbal material (1 g) was extracted with water (10 mL) in a boiling water bath for 30 min. Following that, the mixtures were centrifugated and filtered. The water extracts were diluted to a final concentration of 1, 0.5, 0.3, 0.25 and 0.125 mg/mL. Then, 1 mL of DPPH methanolic solution (2 mg/50 mL) was added to 36 µL of either each sample solution or gallic acid (control), and allowed to react at room temperature for 30 min. The absorbance of the mixtures was measured at 517 nm. Radical scavenging activity for DPPH free radical (AA %) was calculated using the following equation:
AA (%) = [(A blank -A sample ) / (A blank -A control )] x 100
where A control is the absorbance of the gallic acid control (0.01 mg/mL), A sample is the absorbance of the extracts and A blank is the absorbance of the reaction containing water and DPPH solution.
Antioxidant activity -ABTS radical scavenging:
The scavenging effect for ABTS {2.2-azino-bis(3-ethylbenzothiazoline-6 sulfonic acid)} radical was monitored according to the method of Krakar [11] with some modification. Powdered herbal material (1 g) was extracted with 10 mL water in a boiling water bath for 30 min. Following that, the mixture was centrifugated and filtered. The water extracts were diluted to a final concentration of 1, 0.5, 0.3, 0.25 and 0.125 mg/mL. ABTS and ammonium persulfate were dissolved in distilled water to a final concentration of 7 mM and 140 mM. Ten mL of 7 mM ABTS solution was mixed with 178 µL 140 mM solution of ammonium persulfate and kept in the dark at room temperature for 16 h before use in order to produce the ABTS radical. Then, ABTS .+ solution was diluted with ethanol to an absorbance of 0,700 at 734 nm. One mL of ABTS .+ ethanolic solution was added to 26 µL of either each sample or control (gallic acid). After 6 min incubation at room temperature, the absorbance was measured at 734 nm. The percentage of inhibition of absorbance was calculated using the following equation:
AA (%) = [(A blank -A sample ) / (A blank -A control )] x 100
where A control is the absorbance of the gallic acid (0.01 mg/mL), A sample is the absorbance of the extracts and standards, and A blank is the absorbance of the water blank with ABTS .+ solution.
Statistical analysis:
The experiments were performed in triplicate. The results are expressed as mean ± SD. Correlation analysis and linear regressions of total tannin and arbutin content with the meteorological data and antioxidant activity were made using a GraphPad Prism 6 program. A value of p < 0.05 was considered to indicate statistical significance.
